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ABSTRACT

Results of Tests in the NASA/MSFC14-1nch
Trisonic Wind Tunnel on a .004-Scale Model (74-0TS)

Thrust AugmentedSpace Shuttle Integrated Vehicle
(IA603)

by

N. S. Dougherty and A. C. Mansfield
Rockwell International Space Systems Division

Huntsville Operations

Experimental aerodynamic investigations were conducted on a 0.004

scale model of the Space Shuttle Integrated Vehicle with thrust augmenta-

tion by the addition of a shrouded liquid boost module (LBM) to the base

of the external tank. These tests were conducted from July 28 thru

October 9, 1980 in the NASA/MSFC14-inch Trisonic Wind Tunnel. Six com-

ponent force and momentdata were recorded for all elements of the Space

Shuttle including the integrated configuration and the integrated configu-

ration with LBM. Machnumbervaried from 0.6 to 4.96 with angle of attack

ranging ±8° at zero degrees sideslip and side slip angle ranging ±8° at

zero angle of attack. Reynolds numberper unit length varied from 4 to

7 million per foot.
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INTRODUCTION

This report presents documentation for Test IA-603, aerodynamic

force and momenttest performed on the modified 74-OTS0.004-scale model

in the NASA/MSFC14-1nch Trisonic Wind Tunnel (TWT)from July 28 through

October 9, 1980. The data were processed by Chrysler Corporation's

DATAMANagementServices, Slidell Engineering Operations, NewOrleans, in

accordance with requirements contained in reference i. They have become

a part of the DATAMANdata base for use throughout the Space Transporta-

tion System (STS) program.

This report is intended to provide a summaryof the test and a guide

for nomenclature, data reduction equations, reference constants, and

test phases pursuant to the test objectives. The objectives pertained

to acquiring aerodynamic loads data for the thrust-augmented integrated

Space Shuttle Launch Vehicle (SSLV), both for the total vehicle and for

separate elements.

Thesedata will be used as increments showing the effects of one

particular thrust-augmentation approach. The increments of influence

sought were changes in forebody coefficients, as the rocket exhaust

plumes were not simulated.

This was an aerodynamic force and momenttest using the shroud-type

Liquid Boost Module (LBM) configuration proposed by Martin Marietta
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Corporation to be added to the basic Space Shuttle Launch Vehicle (OTS),

Orbiter (O), External Tank (ET), Solid Rocket Boosters (SRB's), altogether

(OTS+ LBM). Data were acquired during the test with and without the

LBM installed on the ET to determine the increments of influence that

will occur due to thrust-augmentation by means of this configuration LBM.

Data were acquired over a Mach number range from 0.6 to 4.96 with angles

of attack and sideslip ranging ±8 ° at 0° beta and alpha, respectively.

SSLV:

The specific objectives of Test IA-603 were, for the thrust-augmented

le

.

o

o

to obtain element LBM six-component force and moment

data for ET/LBM interface structures analysis,

to obtain element Orbiter and Left SRB six-component

force and moment data for Orbiter/ET and SRB/ET

interface structures analysis_

to obtain Orbiter wing and elevon force and moment

data for wing structures analysis,

to obtain total vehicle six-component force and moment

data for assessing the LBM influence on the integrated

vehicle forebody coefficients.

Accomplishment of these objectives required that the vehicle base

pressure - area forces be measured and evaluated for vectorial addition

to the force and moment data.

5



NOMENCLATURE

Coefficients:

MNEMONIC

CA

CN

CLM

CY

CYN

CBL

CNW

CBW

CTW

CHEI

CHEO

CNFL

CLMFL

CAFL

CYFL

CYNFL

CBLFL

DEFINITION

Axial force, total 1

Normal force, total 1

Pitching moment, tota! I

Yaw force, total I

Yawing moment, total l

Rolling moment, total I

Wing normal force 2

Wing bending force 2

Wing torsional force 2

Inboard elevon hinge moment 2

Outboard elevon hinge moment 2

Forebody normal force

Forebody pitching moment

Forebody axial force

Forebody side force

Forebody yawing moment

Forebody rolling moment

Element
Uncorrected Data

(as measured)

Wing Data

El evon Data

SSLV Data
Corrected for

Base Pressure Effect

1The six force and moment coefficients appear in the final data with the same
nomenclature, whether taken from the main (SSLV or Orbiter) balance or from the
SRB. The heading under which the data are given identifies the element; equation
mnemonics appear as CAX,CNX.. where X_O (orbiter),L(SSLV),LS(left SRB) or LM(LBM).

2Orbiter wing and elevon data were acquired in every phase of the test; only

the data from the SSLV and Orbiter phases are considered prime (the data

from other phases being redundant).



MNEMON IC

CNFO

CLMFO

CAFO

CYFO

CYNFO

CBLFO

CNFLS

CLMFLS

CAFLS

CYFLS

CYNFLS

CBLFLS

CABO

CNBO

CNBFO

CLMBO

CLMBFO

CABLS

CYNBLS

CABRS

CYNBRS

CABT

NOMENCLATURE (Continued)

DEFINITION

Forebody normal force

Forebody pitching moment

Forebody axial force

Forebody side force

Forebody yawing moment

Forebody rolling moment

Forebody normal force

Forebody pitching moment

Forebody axial force

.Forebody side force

Forebodyyawing moment

Forebody rolling moment

Orbiter Data

Corrected for

Base Pressure Effects

Left SRB Data

Corrected for

Base Pressure Effects

Axial force base pressure adjustment term, Orbiter

Normal force base pressure adjustment term, Orbiter

Normal force body flap. pressure adjustment term,
Orbiter

Pitching moment base pressure adjustment term,
Orbiter

Pitching moment body flap pressure adjustment term,
Orbiter

Axial force base pressure adjustment term, left SRB

Yawing moment base pressure adjustment term, left SRB

Axial force base pressure adjustment term, right SRB

Yawing moment base pressure adjustment term, right SRB

Axial force base pressure adjustment term, ET elemental



MNEMONIC

ALPHA

BETA

IB-ELV

OB-ELV

CAFLM

CNFLM

CLMFLM

CYFLM

CYNFLM

CBLFLM

CABLM

CABLCM

DCALM

CPO

CPLS

CPRS

CPL

CPCL

CPT

CPBXX or
CPXX

NOMENCLATURE (Continued)

DEFINITION

Model angle of attack, deg

Model angle of sideslip, deg

Model inboard elevon deflection, deg

Model outboard elevon deflection, deg

Forebody axial force

Forebody normal force

Forebody pitching moment

Forebody side force

Forebody yawing moment

Forebody rolling moment

LBM Data
Corrected for

Base Pressure Effects

Axial force base pressure adjustment term, LBM elemental

Axial force cavity pressure adjustment term, LBM elemental

Base pressure rake influence correction term derived
from the LBM balance

Integrated base pressure, Orbiter

Base pressure, left SRB

Base pressure, right SRB

Integrated base pressure, LBM

Integrated shroud cavity pressure, LBM

Integrated base pressure, ET

Discrete pressure measurement, XX may be 1 to 20



NOMENCLATURE (Continued)

MNEMONIC

RCPIO

RCP 7

RCP 8

RCP 9

RCP II

RCP 14

DEFINITION

Ratio of base pressure sensed by the tube at the center

of the ET base when it alone was present, to that when

the full four-tube ET rake was present

I 3Ratio of base pressure sensed by a single tube at the

respective arbitrary location signified by LBM rake

tube number when it alone was present, to that when
the full ten-tube LBM rake was present

Forces and Moments (General);

AF

NF

SF

PM

YM

RM

NW

BW

TW

HEI

HEO

Angles:

ALFAL

BETAL

ALFAO

Axial force

Normal force

Side force

Pitching moment

Yawing moment

Rolling moment

Wing normal force

Wing bending moment

Wing torsional moment

Inboard elevon hinge moment

Outboard elevon hinge moment

Angle of attack of integrated vehicle (see Fig. l(a))

Angle of sideslip of integrated vehicle (see Fig. l(a))

Angle of attack of Orbiter as an element

3These ratios were computed as a part of the base pressure study phase

and were not used for final forebody coefficient calculations.



NOMENCLATURE (Continued)

MNEMONIC

BETAO

ALFALS

BETALS

ALFALM

BETALM

DLT-A

DLT-AW

DLT-B

DLT-EI

DLT-RL

Flow Stream:

GAMMA

MINF, MACH

PINF

PT

QINF

DEFINITION

Angle of sideslip of Orbiter as an element

Angle of attack of left SRB as an element

Angle of sideslip of left SRB as an element

Angle of attack of LBM as an element

Angle of sideslip of LBM as an element

Incremental deflection in pitch plane (_) of orbiter (or

SRB, depending on sting-balance arrangement) due to sting-

balance misalignments and sting deflection due to applied

aerodynamic load

Incremental pitch angle (_) of the wing in the X-Y plane

due to applied aerodynamic load

Incremental deflection in yaw plane (8) of orbiter (or SRB,

depending on sting-balance arrangement) due to sting-balance

misalignments and sting deflection due to applied aerody-
namic load

Incremental deflection of inboard elevon due to applied

aerodynamic load

Incremental deflection of outboard elevon due to applied

aerodynamic load

Incremental roll angle (¢) of the wing in the X-Z plane
due to applied aerodynamic load

Ratio of specific heats for air

Free stream Mach number

Free stream static pressure, Ib/in 2 abs

Tunnel total (or stagnation) pressure, Ib/in 2 abs

Free stream dynamic pressure, Ib/in 2

10



NOMENCLATURE(Concluded)

MNEMONIC

RN/L

TT

UINF

DEFINITION

Unit Reynolds number, ft-I

Tunnel total (or stagnation) temperature, OF

Free stream velocity vector, ft/sec

Miscellaneous:

HL

MRC

MRP

Hinge line (of elevons)

Moment reference center

Moment reference point

Greek:

Y

A

¢,

Subscripts:

bf

e

I

0

0

T

Model angle of attack, deg

Model angle of sideslip, deg

Ratio of specific heats for air

A difference or deflection

A deflection angle, deg.

Model roll angle, deg.

Body flap

Elevon

Inboard

Outboard

Orbiter

External tank or total vehicle

11



CONFIGURATIONS INVESTIGATED

The basic SSLV (modified 74-OTS) model included the majority of the

ET and SRB protuberances. The detail approached, as closely as possible

for O.004-scale, Space Shuttle Interface Control Document Level II, ICD

Number 2-00001, Revision E, dated July ii, 1975. The model LBM was

fabricated in accordance with the following MSFC drawings:

Item Dwg. No. Item Dw$. No.

Tank 80M32880A LBM shroud 80M42986

Boat Tail 80M32879 LBM body 80M42989

Attach Block 80M32878 Sting Mounted 8042986

Engine 80M32877 LBM Assembly 80M51563

(SSLV w/LBM)

Boat Tail 80M32900

No. 2

LBM Sting 8032894

The full-scale ET configuration includes a number of protuberances,

electrical trays, fluid lines, and attach structures. The LO 2 and LH 2

feedlines on the ET were simulated as were the Orbiter/ET and ET/SRB

attach structure. Electrical trays which run parallel to the ET center-

line were simulated on the model; those near the aft Orbiter/ET cross-

beam and attach structure were not. Protuberances simulated on the model

SRBs included the forward attach lug, front and rear separation motors,

ET/SRB attach ring, various stiffener rings, and a full-length electrical

systems tunnel.
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The model-sting-balance arrangements including pertinent model

details are shown in Fig. 2(a).

The model Orbiter wings were fabricated to the OVI02 configuration

Outer Mold Line (OML)definition; however, the fuselage remained the

OVI01 configuration. The Main Propulsion System (_S) engine nozzles

were not simulated; the Orbital Maneuvering System (OMS)pods and engine

nozzles were simulated. The vertical tail rudder/speedbrake was set at

O-deg speedbrake angle, O-deg rudder deflection. The outboard elevons

were set at 5-deg deflection (both wing elevons positive-down, launch

modewhere left and r{ght elevons operate in the samedirection). Two

inboard elevon deflection angles were used in the course of test, i0

deg and 12 deg, both wings, positive-down. The body flap angle was fixed

at 0 deg.

Three sting and balance arrangements were employed to allow acquisi-

tion of aerodynamic forces and moments from either:

i. the integrated vehicle,

2. the Orbiter as an element in the presence of (as mated
to) the ET and SRBs,or

3. the left SRBas an element in the presence of (as mated
to) the ET, Orbiter, and other SRB.

In each case the data were acquired with and without the LBM.

The stings are shownin Fig. 2(b). For the integrated vehicle data,

only the main sting through the Orbiter base was utilized, the ET and

SRBsbeing supported through the forward and aft Orbiter/ET and ET/SRB

13



model attach structure. For the Orbiter force and momentdata, the

three stings were utilized, the balance being in the main sting through

the Orbiter base, the ET and the SRBsbeing supported by the sting

through each SRB, and the Orbiter/ET attach structure being on the ET.

For the SRBforce and momentdata, the three stings again were

utilized, but with the balance being in the left SRBand the Orbiter, ET,

and right SRBbeing joined at their attach structures and supported by

the main and right SRBsting.

For the Orbiter elemental data only, a 4-deg pre-bend joint was

installed downstream of the sting adapter (Fig. 2(b)). With the model

rolled 90-deg and the 4-deg pre-bend joint installed, Orbiter element

data were acquired at a nominally -4 deg and B varied.

For the LBMelemental data, the LBMas a free body was metric to

the ET on the LBMbalance, and the single-sting arrangement supported

the entire integrated vehicle. In other cases when the LBMwas present,

the connection to the ET was a rigid link.

The location of the balance center in the Orbiter (in both single

and three-sting arrangements) was physically measured in place upon

installation. The location of the balance center in the left SRBand

LBMwere likewise measured. These locations are described in model

vehicle X, Y, Z, coordinates with subscript O for Orbiter and T for total

vehicle in the case of the integrated vehicle and of the LBM. All

momentswere transferred to the MomentReference Center (MRC)_for the

14



vehicle, MomentReference Point (MRP)for the wing, and hinge lines for _

the elevons which are listed in Table II and shownon Figures l(b) and

2(e).

15



INSTRUMENTATION

Force and Moment Balances

There were six balances that provided force and moment data from the

model SSLV during this test:

i. Orbiter _ ...._=_a .... six component = yielding the integrated

vehicle and the Orbiter element data,

2. SRB balance - six component - yielding the SRB element data,

3. LBM balance - six component - yielding the LBM element data,

4. Orbiter right wing balance - three component - yielding the

wing panel loading data,

5. left inboard elevon balance - single component - yielding the

inboard elevon hinge moment data, and

6. left outboard elevon balance - single component - yielding the

outboard elevon hinge moment data.

Pertinent balance information is given in Tables III through VII.

Base Pressures

Base pressure tubes of 0.063 in. diameter were routed along the three

support stings to respective opening terminal points nominally 0.050 in.

from the model surface. These pressure sensing points were essentially the

same for all three balance installations: (i) total vehicle, (2) Orbiter,

and (3) left SRB, the exception being necessary movement of the SRB tubes

away from the SRB nozzle centerlines to accommodate sting supports in the

three sting arrangement. The tubes were bundled into rakes to minimize

frontal area and maximize structural integrity.

There were six rake configurations - depending upon whether or not

the model LBM was installed and upon whether force and moment orbase

16



pressure data were being acquired. Two rake configurations were used

for the basic OTS model and are shown in Fig. 3(a). Configuration i was

the rake used in the basic SSLV base pressure study portion of the test.

Configuration 2 was considered a minimum interference rake retaining

only one tube at the center of the ET base, the four tubes at the

Orbiter base and the single tubes at each SRB base being the same as in

configuration i. The configurations used for the thrust-augmented model

(OTS + LBM) are shown in Fig. 3(b). More tubes were required because of

the more complex geometry of the LBM and because of the cavity between

the model LBM and model ET where the LBM balance was located. Determina-

tion of LBM elemental forces and moments necessitated measurement of

both base and cavity pressures acting on the model LB_f viewed as a free

body. Configuration 3 is the rake that included model LBM cavity press-

ures and was a 20-tube arrangement. The tygon jumpers for the cavity

pressures caused tare forces which would affect the LBM balance output;

hence, the LBM balance was not read when using rake configuration 3.

Rake configuration 4, shown in Fig. 3(b), was the one used when the

LBM balance was being read and only the LBM base pressures were being

measured. Additionally, when LBM elemental force and moment data were

acquired, a twenty-first tube of 0.094 in. diameter affixed to the right

• SRB nozzle exit provided the conduit for the LBM wires out of the model.

The 21 tubes were all present; but, only four of the seven LBM base

pressures were actually read because of data channel limitations that

exist at the 14 Inch TWT. When the cavity pressures were not being read,

17



rake configuration 4, the four orifices for cavity pressures through the

model LBMwere plugged with tape and wax. Configurations 5 and 6 were

minimum-interference rakes when the LBMwas installed, retaining only

one tube at the model LBMbase, this tube being at the upper right hand

LBMtank for configuration 5 and at the heat shield for configuration 6.

Configurations 2 and 6 were employedwhen the integrated vehicle,

Orbiter element, and SRBelement force and momentdata were being acquired.

In these configurations, the number of tubes was reduced to seven, retain-

ing the four as always at the Orbiter base and the one at each SRBbase

and only one tube at either the ET centerline (OTSCase) or at the base

of the LBMshroud (OTS+ LBMcase). The Orbiter and SRBbase pressures

changed slightly due to rake interference and had to be measured every

time for each configuration.

The single tube at the LBMbase was movedthrough several trial

positions at LBMtank bases and at the heat shield to the finally-selected

position (configuration 6). Configuration 5 was the first of these trials

and was actually used for the interference-free runs where the LBMele-

mental six degree-of-freedom force and momentdata were acquired. The

single model ET or LBMbase pressure tube was used as a control reference

point for assessmentsof interference effects from the full-up ET (Fig.

3(a) and LBM(Fig. 3(b)) base pressure rakes, respectively. Hence, the

test phases are described as being either with or without the rake, mean-

ing the ET or LBMrake portion with and meaning only the control pressure

tube being present without.

18
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TEST FACILITY DESCRIPTION

The Marshall Space Flight Center 14" x 14" Trisonic Wind Tunnel is

an intermittent blowdown tunnel which operates by high pressure air

flowing from storage to either vacuum or atmospheric conditions. A Mach

number range from 0.2 to 5.85 is covered by using two interchangeable

test sections. The trisonic section permits testing at Mach 0.20 through

2.50 and the supersonic section permits testing at Mach 2.74 through

5.85. Mach numbers between 0.2 and 0.9 are obtained by using a con-

trollable diffuser. The range from 0.95 to 1.3 is achieved through the

use of plenum suction and perforated walls. Mach numbers of 1.46, 1.96,

and 2.48 are produced by interchangeable sets of fixed contour nozzle

blocks. Above Mach 2.48, a set of fixed contour nozzle blocks are

tilted and translated automatically to produce any desired Mach number

in 0.25 increments.

Air is supplied to a 6000 cubic foot storage tank at approximately

-40°F dew point and 500 psi. The compressor is a three-stage reciprocat-

ing unit driven by a 1500 hp motor.

Tunnel flow is established and controlled with a servo-actuated

gate valve. The controlled air flows through the valve diffuser into

the stilling chamber and heat exchanger where the air temperature can be

controlled from ambient to approximately 180°F. The air then passes

through the test section which contains the nozzle blocks and test region.

19



The tunnel total temperature, TT, is held relatively constant at levels

sufficient to obtain dry air. The total pressure, PT, is varied at nominal

settings for each Machnumber that provide best operating efficiency. The

nominal unit Reynolds number, RN/L, and dynamic pressure, QINF, for the

test therefore vary as a function of Machnumber, MINF, and PT as shown

in Table I.

Downstream of the test section is a hydraulically controlled pitch

sector that provides a total angle of attack range of 20 deg (±I0 deg).

Sting offsets are available for obtaining various maximum angles of attack

up to 90 deg.

20



TESTPHASES

Test IA-603 proper, as defined in the pre-test report (SOD80-0215),

was performed under NASA/MSFC14-in. TWTTest No. 668 and consisted of four

major phases. Additionally, there was an add-on phase beyond that ini-

tially envisioned. This add-on phase was performed under NASA/MSFCTest

No. 667 and is discussed herein although the data are not presented; these

data are available at NASA/MSFC'sScience and Engineering Laboratory (ED

32).

The four phases of Test No. 668 were as follows:

LBM Phase

The model LBM was attached to the model SSLV with the LBM balance

metric. Three sets of runs were obtained designated by number series 000's,

100's, and 200's 2. The corresponding rake configurations were varied in

this series. They were configurations 3, 4, and 5, respectively (see Fig.

3(b)). With configuration 3, the LBM balance was not read. With configu-

ration 4, only the axial force on the LBM balance was read. With configu-

ration 5, all six components acting on the LBM balance were read, this

being the interference-free case.

2Every change in the first digit of run number series denotes a change in

configuration. Every second and third digit combination denotes the

Mach number and model roll angle of a specific run. For model roll angle

zero (_ being varied), numbers i through 13 denoted the particular Mach

number from 0.6 to 4.96. For model roll angle 90 deg (B being varied),

numbers 21 through 33 likewise denoted the particular Mach number from

.6 to 4.96.

21



The LBMPhase thus had two parts: an LBMbase pressure study (where

the LBMbalance was not read) part i, and the LBMforce and moment data

portion - with and without the rake, part 2. The base pressur e study

was required in order to obtain the base pressure force adjustment terms

used in the forebody coefficient calculations. The main balance in the

Orbiter was installed in this phase but not read. The LBM balance leads

exiting the right SRB via the 21st tube introduced a tare on the inte-

grated vehicle forces and moments. The sting-support arrangement was

the single main sting (Fig. 2(b)).

The data acquired from the LBM Phase are designated in DATAMAN for-

mat under headings:

"OTS + LBM + RAKE" or

"OTS + LBM - RAKE"

and, additionally, "SSLV CALCULATIONS," "LBM PRESSURE STUDY,""LBM FORCE

DATA," or "LBM FOREBODY DATA." Both series O00's and 100's are captioned

" + RAKE" although series 000's utilized rake configuration 3 and series

lO0's utilized configuration 4. Both the LBM base pressures and shroud

cavity pressures were read with the 20-tube rake in series O00's. The

four tygon tube jumpers connecting the four cavity pressure orifices

were disconnected in series lO0's to remove the tare on the LBM caused

by these tubes. In series lO0's, only ten pressures and the LBM balance

were read. Use of rake configuration 5 in series 200's removed all of

the LBM base pressure tubes but one. To measure a sufficient number of

pressures at the LBM base to derive a satisfactory integrated base

22



correction term (CABLM), the LBMbase pressure rake had been necessary.

However, the presence of the rake constituted an interference to the

base flow and caused an alteration of the forces/moments sensed by the

LBMbalance. Accordingly, the LBMbalance data in series 200's were

those used for the six-component force and momentcalculations and were

considered interference-free. To obtain the forebody axial force coeffi-

cient for the LBMelement, however, and later for the integrated vehicle

in the SSLVPhase, the full-up rake pressures from series 000's were

necessary. Accounting for the LBMbase pressure rake interference

effect on the SSLVintegrated vehicle forebody axial coefficient was

madeusing the difference, DCALM:defined as CALMin runs of series 100's

minus corresponding CALMin runs of series 200's (see equations un_r

Data Reduction Section).

Several concerns influenced conduct of the LBMPhase in the manner

described. The first concerncentered on the fact that only the axial

componentamongthe six acting on the LBMas an element received a cor-

rection for the LBMbase pressure rake interference. (This was the o_ly

componentbeing converted to a forebody coefficient through removal of a

base term.) The concern was that the LBMbase pressure rake might have

a significant interference effect on the LBMcavity pressures. It was

found, however, that there was no appreciable effect with one-at-a-time

measurementsof cavity pressures in runs 140's, 160's, and 170's. A

second concern was that the LBMbase pressures would be affected to a

significant degree by the four tygon tubejumpers connected to the
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cavity pressure orifices. This concern was addressed by reading the

four of the ten LBMbase pressures for which data channel space was allo-

cated in series 100's and comparing the readings to those in series 000's.

Example pressure data at these four locations are presented in Table VIII.

On the basis of on-site analysis of the LBMbase pressure data, it was

decided that the use of CALMin runs 100's in place of the integrated

pressure-area term, CABLM,to derive the rake interference correction

term (the tygon jumper interference being small) would be valid.

An optional approach in the LBMbase pressure study was the possi-

bility that the interference effect from the LBMbase pressure rake

could be isolated simply by ratio of the pressure read by the single

control tube left in rake configuration 5 to the pressure tNat same tube

read with the full-up rake, configuration 3. On such a small model,

0.O04-scale, the problem was that the exact ratio of pressures with and

without the rake varied with the exact control tube position, was a

variable with time, and was difficult to repeat in successive runs at

the sameposition. The principle of linear superposition - that the

pressure at every point on the LBMbase would be altered by an amount

caused by rake interference which could be represented simply by ratio

of one control tube pressure with and without the rake - did not hold.

Therefore, the approach of making LBMbase pressure rake interference

influence corrections by meansof axial force read on the LBMbalance

rather than by meansof direct measurementsof base pressure with and

without the rake was adopted.
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SSLV Phase

This phase, part 3, provided the six components of incremental influ-

ence to the total integrated launch vehicle and the Orbiter wing and

elevons influences caused by the addition of the LBM. The method of

obtaining the increments was to read the main balance in the Orbiter and

the Orbiter wing and elevon balances with and without the model LBM on

the model vehicle. The single sting arrangement was used. There were

three sets of runs with designations series 300's, 400's, and 500's, the

first two of which were made on the basic SSLV and the last being with

the LBM.

data:

The three series of runs were captioned for identification in th_

"OTS + RAKE"

"OTS - RAKE," and

"OTS + LBM - RAKE,"

and additionally, "SSLV Calculations, Force Data." Series 400's were

considered interference-free runs for the "OTS - RAKE" data; actually,

rake configuration 2 was installed, there being the single control tube

at the centerline of the ET base. Series 300's, "OTS + RAKE," employed

the ET rake with four tubes, configuration i, to get an integrated

pressure-area term, CABT. Series 500's, unlike series 200's, employed

rake configuration 6. This time the LBM was non-metric to the ET (LBM

balance removed), and the tare from LBM balance wires crossing over to

the 21st tube was eliminated. Series 500's provided the main balance
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data actually used to derive the six launch vehicle forebody coefficients

with the LBMinstalled, the base pressure adjustment terms being calcu-

lated from corresponding series 000's runs for the pressures, 100's and

200's for the DCALMcorrection term. The forebody coefficients for the

basic launch vehicle (without the LBM)were obtained from both series

300's and series 400's runs. The axial base pressure adjustment term

for the basic SSLV, CABT,was obtained from the full-up ET rake measure-

ments of series 300's and used with the total axial force coefficient,

CAL, of series 300's to obtain the forebody coefficient CAFL. However,

the primary objective of runs 300's was to obtain the ET base pressures.

Use of the ratio RCPI0 (control tube pressure in series 300's runs divided

by the control tube pressure in corresponding series 400's runs) was the

meansof accounting for the ETbase pressure rake interference effect

that existed in CABT. This accounting was madeby subtracting CABTRCPI0

from the CALobtained in series 400's runs.

The objective of runs 400's was to obtain the interference-free

basic SSLVsix-component forebody and wing/elevon data. Furthermor% the

rake influence was not negligible on the Orbiter or the left SRBelement

forebody coefficients; hence, rake configuration 2 was employed without

the LBMin the Orbiter and SRBphases of the test to have the interfer-

ence-free case.

The ratio of ET control pressures with and without the rake was

considered to be a more reliable indicator of rake interference effect
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in the case of the basic SSLVthan in the case of the SSLVwith the LBM

because of the much simpler base geometry. Hence, the ratio (RCP10) was

employed with the series 400's main balance data for the basic SSLV fore-

body calculations performed by DATAMAN. The reasons are that the four

tubes of the ET rake were located on the basis of previously obtained

ET data and that the weighting of the four pressures in the computation

of the integrated pressure term, CPT, was more appropriate than the

weighting of pressures for the term CPL on the previously unexplored LBM

base.

Orbiter Phase

In this phase, part 4, the Orbiter was physically detached from the

ET and SRB's to permit acquisition of forces and moments acting on the

Orbiter as an element in the as-mated proximity of the lower stack (TS).

The objective was to measure these forces with (TS + LBM) and without

(TS) the LBM installed. This objective included finding the influence

of the LBM on the wing and elevon loadings as well. This phase was con-

ducted with two different elevon deflections:

i. with the inboard elevon deflection _ei, at i0 deg. as

it was in the other three phases of Test 668 and in

the Add-on Phase, Test 667; and

2. with the inboard elevon deflection at 12 deg.

The outboard elevon deflection, 6eo, remained unchanged at 5 deg through-

out the entire test.
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Rake configuration 6 was used with the LBMand configuration 2 with-

out. Although the three sting arrangement was employed in this phase,

wing and elevon data at _ei/6e o = 10/5 deg should have been in close

agreementwith the SSLVPhase wing and elevon data. What differences

exist in the data maybe attributable to very small Orbiter-lower stack

model separation in the proximity arrangement and the differences in

sting-support interference when there were three instead of one.

An additional variation in this phase was to acquire data at varied

B, a = -4 deg, supplemental to the data taken at a = 0 deg. This was

done employing a 4-deg prebend in the three-sting-support arrangement.

The Orbiter Phase data were captioned:

"OTS- RAKE,ORBITERDATA"or

"OTS+ LBM- RAKE,ORBITERDATA"

Run series 700's were without the LBMinstalled, series 800's with.

Data were acquired over an abbreviated Math number range, 0.6 to 1.96.

The second and third series digits in the run designation provided the

identification of test condition; i.e. model roll angle, _ or B being

varied, _ being either 0 or -4 deg while B was being varied, _ei being

either i0 or 12 deg.

SRB Phase

In this phase, part 5, the left SRB was physically detached from

the ET and Orbiter and the six components of left SRB forces and moments
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were read on the left SRBas an element. The data were acquired with

and without the LBMusing rake configuration 2 or 6, respectively. The

three-sting-support arrangement permitted the acquisition of the SRB

element loadings in proximity to the ET and Orbiter (OT).

The Orbiter wing and elevon balances were read during this phase

also. The wing and elevon data should compare to those taken in the

Orbiter Phase at 6ei/_e o = 10/5 deg as the sting-support and rake con-

figurations were the same. Differences in the Orbiter wing and elevon

data might have occurred due to slight model separation differences

between the SRBand Orbiter Phases. Further differences in the wing and

elevon data might be expected between the SRBand SSLVPhase due to model

separation and to the differences in sting-support interference between

one sting and three.

The SRBPhase data are captioned in the file as:

"OTS- RAKE,SRBForce Data," and

"OTS+ LBM- RAKE,SRBForce Data".

As in the Orbiter Phase, data were acquired at Machnumbers up to only

1.96. All of the SRBPhasedata bear the run series designation 900's,

sequencesof ten numbersbeing used to denote the model roll angle, = or

B variation, and whether or not the LBMwas installed.

Add-On Phase

Several data anomalies occurred during test 668 and are more fully des-

cri£ed later. Exce_t-f0r--one-an0maly,-pr--ec-is-e-methodology required-to make-- ---

29



elevon hinge momentmeasurementson such a small scale, will be discussed

here. At someMachnumbers and incidence angles, the inboard elevon

hinge momentdata, CHEI, were higher than data at the same test condi-

tions in a previous test, Test IA-602, reference 2, by approximately a

factor of two. Test IA-602 was performed on the 74-0TSmodel, Test IA-

603 on the modified 74-0TS model.

The model modifications consisted of updating the ET and SRBpro-

tuberance detail to a closer simulation of the actual full-scale SSLV.

asmuchas these differences could affect the overall vehicle aerody-

namic performance characteristics and, in particular, the SRBattach

ring being located directly beneath the inboard elevon, the question

addressed in this add-on phase was to what extent was the inboard elevon

hinge momentaffected? Thus, the first step to isolate a cause for the

observed changein CHEIdata was to return to the old 74-OTSlower stack

(TS) of Test IA-602 to determine if the CHEIvalues of Test IA-602 would

repeat with the less-detailed TS and thus determine the CHEIdifferences

to be due to the protuberance updates. However, the CHEfdata did not

repeat those of IA-602 with the less-detailed T$.

Focus then was directed to changes that had been madeto the in-

board elevon itself between Tests IA-602 and IA-603 in "the interest of

higher measurementrepeatability. The changes constituted modifications

including cover plates that altered the aerodynamic lines. A series of

trial changes in the inboard elevon configuration detail constituted
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the makeup of the Add-on Phase. The modified configuration and the series

of changes to return to a close approximation of the Test IA-602 elevon

configuration are described more fully in the section entitled Data

Anomalies. The final test configuration in the Add-on Phase also happened

to be that which produced CHEI data in closest agreement with the flight

prototype data, e.g. Test IA-156 (reference 3).

The Add-on Phase data are not included in the DATAMAN file, but sre

available at NASA/MSFC's Science and Engineering Laboratory (ED32).

The run series was designated 600's. Data were acquired at only selected

Mach numbers where the shroud LBM had been tested in Test IA-602; data

were acquired with and without the shroud LBM. (The bulk of Test IA-602

investigation had been with the proposed truss-type LBM.)
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TESTPROCEDURE

The schedule for Test IA-603 is shownin Table IX. The total number

of runs obtained, including the Add-on Phase, was 331.

A run constituted approximately 60 seconds of steady-state airflow

....... a_L,number. As ..... as the flow was stabilized in each run, the

model pitch sector was movedthrough its full range of operation to obtain

a variation in model incidence angle. The maximumpitch sector range was

from -8 to +8 deg at Machnumbersof 1.96 and below and -6 to +6 deg at

the higher Machnumbers. Data were acquired at each pitch pause setting

-8, -6, -4, -2, 0, 2, 4, 6, and 8 deg.S Whenthe model was oriented up-

right (roll angle ¢ of 0 deg), the model thus moved through the range of

angle of attack _ and 0-deg yaw angle, 8. Whenthe model was rolled 90-

deg and pitch traverse performed, the model thus movedthrough the range

of 8 at 0-deg _. Onevariation for a portion of the test was sting pre-

bend by -4 deg and 90 deg ¢ to get a variation in 8 at a nominally -4 deg.

Thesewere nominal a's and 8's; the sting and balance deflections under

the weight of the model were measuredand accounted for in more precise

computations of actual angles that existed for each test configuration.

SA check for possible hysteresis was madeduring two runs, 201/0 and
204/1; the pitch angle sequence was reversed - starting at +8 deg and
going to -8 deg. Found to be negligible, hysteresis from that point on
was ignored.
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The rake configuration was configuration 6 with the LBMand configu-

ration i without. The sting arrangement was the single sting. The elevon

settings were _ei/6e o = 10/5 deg only; hence, the SSLVPhase Test IA-603

data to which the Add-on Phase data maybe directly comparedare run

series 500's and 300's, respectively, with and without the shroud LBM.

Rake configuration 1 for test without the LBMwas selected for use in the

Add-on Phase because it was the configuration used for ET base pressures

during IA-602.

Interference is a particular problem in aerodynamic testing at tran-

sonic Machnumbers (close to unity) when it is necessary to bring probes

and support apparatus close to the model under study to makecertain

measurementssuch as the base pressure measurementsin this investigation.

The problem was inevitable in the present test because of the need to

obtain a spatial array of pressure measurementsfor the integrated CPL,

CPCL,and CPTterms. The problem was met by using the LBMelement balance

to derive a rake-interference pressure-area force correction in the case

of the OTS+ LBMand by using the ratio of pressures sensed by a control

pressure tube with and without the rake in the case of the OTSalone.

The basic test methodology was, within the limitations of test

facility data channel capacity and small model scale, to acquire all the

data necessary to satisfy the test objectives in a way that permitted

merging of data sets having minimuminterference effects, or correcting

for the unwanted interference, to achieve highest data quality. This
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fitting together of all the pieces making up the whole was then accomplished

in the data reduction routine by DATAMAN.
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DATAREDUCTION

standard MSFCTWTmethodswere used for computing tunnel parameters,

balance forces and moments,model attitude, and base pressures. Model

_'s and _'s were all corrected for sting and balance deflections. All

pressures, forces, and momentswere reduced to coefficient form and

referenced to freestream pressure, PINF, in the data handling software at

the TWT.

Tabulated and plotted quick-look data were available in coefficient

form immediately following each run. This quick-look information per-

mitted data checks between runs. The data were output in the form of

punched cards from which data tapes were created in both the MSFCHunts-

ville ComputerComplex (HCC)and the Slidell ComputerComplex (SCC) Univac

ii00 series computers. The data tapes at MSFCpermitted run-to-run com-

parison plots using interactive graphics plot routines on the HCCcomputer.

The data tapes at SCCwere employed as input to the DATAMANSADSACreduc-

tion routine for formatting and calculating the final data interpolated

at even 2-deg increments of incidence, including the forebody coefficients.

The data acquisition program was outlined in such a way that data

from different run series could be merged in the DATAMANreduction routine

to obtain the final output coefficients.
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The LBMphase yielded:

• The LBMbase pressure adjustment term - run series 000's,

datasets 01 and 02.

• The LBMbase pressure rake interference correction - run

series 100's datasets 03 and 04 and 200's, datasets 05

and 06,

• The six componentsof LBMelemental forces and moments-

run series 200's, datasets 05 and 06.

The SSLVphase yielded:

• The ETbase pressure adjustment term - run series 300's,

datasets 07 and 08.

• The basic SSLV(without LBM)integrated vehicle main balance

total forces and moments, Orbiter wing and elevon forces and

moments,Orbiter base and body flap pressure adjustment

terms, and SRBbase pressure adjustment terms - run series

400's datasets 09 and i0,

• The SSLV(with LBM) integrated vehicle main balance total

forces and moments, Orbiter wing and elevon forces and

moments,Orbiter base and body flap pressure adjustment

terms, and SRBbase pressure and adjustment terms - run

series 500's datasets Ii and 12.
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The Orbiter Phase yielded:

The Orbiter elemental total forces and moments,base pressure

and body flap adjustment terms for computing the Orbiter element

forebody coefficients - and,

The Orbiter wing and elevon forces and moments- for elevon

settings _ei/6e o = 10/5 deg and 12/5 deg without the LBM,

run series 700's, datasets 13, 14, 15, 16, 17, 18, and with

the LBM, run series 800's, datasets 19, 20, 21, 22, 23, 24.

The SRBPhase yielded:

• The SRBelemental total forces and momentsand base pressure

adjustment term for computing the SRBelement forebody

coefficients, and

• Additional Orbiter wing and elevon forces and momentsat

elevon settings 6ei/6e o = 10/5 deg.

These runs being with and without the LBMand designated run

series 900's, datasets 25, 26, 27, 28.

Finally, the Add-on Phase- run series 600's - provided data for

understanding the cause for the anomalousinboard elevon hinge moment

(CHEI) results obtained in Test IA-603 and provided a basis for improving

future test techniques using the 74-0TSmodel.
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Six component (6 deg-of-freedom) force and moment coefficients were

computed in the body axis only for all test phases. The axis systems are

defined in Fig. i. The required reference areas and distances are shown

in Table X. These references distances are also shown for clarity in

Fig. 2(c).

Model-peculiar values had to do only with model attitude and were

the A_sting, A_balance, ABsting, and A_balance derived from the pretest

sting and balance calibrations. These corrections were incorporated

directly in the 14-1n. TWT software using the following listed equations,

from which were defined the respective incidence angles for each test

phase:

ALFAL = _sector +A_sting +A_balance

BETAL = _sector +ABsting +ABbalance

ALFA0 = _sector +A_sting +&=balance

BETA0 = _sector +ABsting +A_balance

ALFALS = _sector +A_sting +A=balance

BETALS = Bsector +ABsting +&Bbalance

AFALM = ALFAL + As Balance

BETALM = BETAL+ AB Balance

The following are the equations that were used in reducing the raw

data in the form of forces, moments, pressures, and angles to the engineer-

ing unit form that will permit analysis and comparison with other test

data.
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Forebody Calculations

SSLV

CNFL = CNL-CNBO-CNBFO

CLMFL = CLML-CLMBO-CLMBFO

CYFL = CYL

CYNFL = CYNL - CYNBLS-CYNBRS

CBLFL = CBLL

CAFL

CAFL

CAFL

= CAL-CABO-CABT-CABLS-CABRS (300 Run series)

= CAL-CABO-CABT.RCPIO-CABLS-CABRS (400 Run series)

= CAL-CABO-CABLM + DCALM-CABLS-CABRS (500 Run series)

ORBITER

CNFO = CNO-CNBO-CNBFO

CLMFO = CLMO-CLMBO-CLMBFO

CYFO = CYO

CYNFO = CYNO

CBLFO = CBLO

CAFO = CAO-CABO

SRB

CNFLS = CNLS

CLMFLS = CLMLS

CYLFLS = CYLS

CYNFLS = CYNLS-CYNBLS
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Forebody Calculations (Continued)

SRB (Continued)

CBLFLS = CBLLS

CAFLS = CALS-CABLS

LBM

CNFLM = CNLM

CLMFLM = CLMLM

CYFLM = CYLM

CYNFLM = CYNLM

CBLFLM = CBLLM

CAFLM = CALM-(CABLM+CABLCM)

where

CNBO = (-I/SREF)(CPO)(AO)(tan 14.75 °)

CNBFO = (-I/SREF)(CPB2)(ABF)

CLMBO = CNBO (XI/LREF)-CABO(ZBOR/LREF)

CLMBFO = CNBFO(X2/LREF)

CABO = (-I/SREF)(CPO)(AO)

CABLS = (-I/SREF)(CPLS)(AS)

CYNBLS z -CABLS(YI/LREF)

CABRS = (-I/SRF)(CPRS)(AS)

CYNBRS = CABRS (YI/LREF)

CABT = (-I/SREF) (CPT) (AT)

CABLM = (-I/SREF) (CPL) (AT)

CABLCM --(I/SREF) (CPCL) (AT)
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Forebody Calculations (Continued)

CPO

CPLS

CPRS

CPT

CPCL

CPL

CPBXX

= 1/3 (CPBI + CPB3 + CPB4)

= CPB5

= CPB6

= q (CPB7 + CPB8 + CPB9 + CPBI0) (300 run series)

= ¼ (CPBI7 + CPB18 + CPBI9 + CPB20) (000 run series)

= 0.0927 (CPB7 + CPB8 + CPB9 + CPBI0)

+0.1299 (CPBII + CPBI2 + CPBI3 + CPBI4)

+0.1122 CPBI5 + 0.0716 CPBI6 (000 run series)

PXX - PINF XX= I 2, 20

QINF

/

\

Xl = XBORB

X2 = XBFORB

YI = YBSRB

And, in general

CN = NF/QINF.SREF

CY = SF/QINF-SREF

CA = AF/QINF-SREF

And

CLML

CBLL

CYNL

= (PM/QINF. SREF-LREF) + (CNL.XTO/LREF) -(CAL. ZTO/LREF)

= (RM/QINF.SREF.LREF) - (CYL-ZTO/LREF)

= (YM/QINF. SREF.LREF) + (CYL.XTO/LREF)

(Main balance, 300, 400, 500 run series)
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Forebody Calculations (Continued)

CMLO

CBLO

CYNO

= (PM/QINF-SREF.LREF) + (CNO.XTO/LREF) - (CAO.ZTO/LREF)

= (RM/QINF.SREF.LREF) - (CYO.ZTO/LREF)

= (YM/QINF-SREF-LREF) + (CYO-XTO/LREF)

(Main balance, 700 and 800 run series)

C_LS

CBLLS

CYNLS

= (PM/QINF.SREF-LREF) + (CNLS.XTLS/LREF)

- (CALS-ZTLS/LREF)

= (RM/QINF-SREF-LREF) - (CYLS.ZTLS/LREF)

- (CNLS.YTLS/LREF)

= (YM/QINF. SREF.LREF) + (CYLS'XTLS/LREF)

+ (CALS-YTLS/LREF)

(SRB balance, 900 run series)

CLMLM

CBLLM

CYNLM

= (PM/QINF.SREF.LREF) + (CNLM. XTLM/LREF)

- (CALM" ZTLM/LREF)

= (RM/QINF- SREF.LREF) - (CYLM-ZTLM/LREF)

= (YM/QINF-SREF'LREF) + <CYLM-XTLM/LREF)

(LBM balance i00 and 200 run series)

QINF = (Gamma/2)-PINF.MINF**2
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Wins Shears, Bendin$, and Torsion

CNW -- NW/QINF-SREF

CBW = BW/QINF.SREF.LREFB

CTW = TW/QINF-SREF.LREFT

(Wing balance, all runs)

Elevon Hinse Moments

CHEI = HEI/QINF-SREFE-LREFE

CHEO = HEO/QINF. SREFE-LREFE

(Elevon balances, all runs)

l
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DATAANOMALIES

The Add-on Test Phase (Test 667), as mentioned earlier, was performed to

investigate the only anomalies of significance that occurred in Test

IA-603. The inboard elevon hinge momentdata, CHEI, were higher than

expected by as muchas a factor of two at someMachnumbers.

The anomalies were related to the detail of the left inboard elevon and

balance configuration which has been modified prior to Test IA-603. The

modification had been performed to yield more highly repeatable CHEImea-

surements than had been obtained in Test IA-602. The problem during

Test IA-602 had been that the outboard elevon balance wires, which

crossed the inboard elevon balance and were contained within the elevon

gap by Scotch Brand tape strips, sometimes stuck to the tape and some-

times did not. Whenthe wires stuck to the tape, there was a tare force

introduced that altered the indicated hinge moment.

The nature of the modification was to install cover plates extending

past the hinge line, shownin Fig. 3(c). These cover plates allowed an

easier exit of both the inboard and outboard elevon balance wires from

the wing into the body of the Orbiter model. The anomalies were caused

primarily by the alteration of the lower surface wing/elevon gap line

introduced by the cover plate.

Apparently, the cover plates removedsomeof the load-carrying elevon

surface (including tape) close to the hinge line on the wing bottom
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surface. The geometric inboard elevon configuration of Test IA-602 was

thus rebuilt as closely as possible in the Add-on Phase. By removing

the covers, adding tape over the top and bottom surface gaps, and using

a portion of a woodentoothpick to simulate the outboard balance wires

crossing the inboard balance, the unstuck toothpick case produced CHEI

values back in the range of the IA-602 levels.

The last trial elevon configuration investigated utilized shimstock to

fill back in the aerodynamic lines where wing and elevon metal had been

removed to accommodatethe cover plates. Wax and tape were built up on

the bottom side to replace someof the load-carrying elevon surface that

had been removed. Gapswere left between the wing and elevon surfaces

in a way that removed small tare forces due to tape and, at the same

time, more closely resembled that actual full-scale flight prototype con-

figuration. This was the test configuration which gave best agreement

with the data from Test IA-602 and from Test IA-156 and would be recom-

mendedfor any future tests using the 74-OTSOrbiter model.

The Add-on Phase testing showedthat a particular set of data selected

from Test IA-602 at a particular Machnumber and for a particular elevon

deflection setting 6ei/_e o = 10/5 deg could be reproduced. No data were

acquired to develop a more general functional relation for both 12-deg

and 10-deg elevon deflections and for all Machnumbers at all possible

combinations of _ and B. Hence, the CHEfdata acquired in Test IA-603

are not amenable to simple post facto correction.
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TEST : ___603

-I-/IBL E _.
lll l I I I"

]
TEST CONDI TIONS

DATE, r.7"uz.V-DcrI¢I_

MACH NUMBER

0._0
L o.80

O, 90

O, es

1.0s

I.I0

l.f5

2_711_ .I

REYNOLDSNUMBER

(perunitlength)

6.q-
6.6

7,0

DYNAMICPRESSURE

(pounds/sq.inch)

7. ,_(,,

7.7'-/

_.Tz-

g.zq
q.q_

q,q7
10.2._

(,.7'/-
a_7

ISTAGNATIONTEMPERATURE

(degreesFahrenheit)

IQO

/O0

t¢;i_'....

/o¢
1,00

[0o

!,90

/00

IoQ

.l,

BALANCEUTILIZED:

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NF

SF

AF

PM

RM

YM

COMMENTS: See Tables II - Vll for individual balance information.
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CONFIGURATION
Total vehicle

Orbiter

Left SRB

LBM

Right Wing

Left Elevons

TABLE II

MOMENT REFERENCE LOCATIONS

LONGITUDINAL LATERAL

XT 976

(3. 904 )

XT 976

(3. 904 )

XT 976

(3.904)

XT 976

(3. 904 )

Xo 1307

(5.228)

Hingeline at

Xo 1387

(5.548)

YT 0

(o)

YT 0

(o)

YT 0

(o)

YT 0

(o)

Yo 105

(0.420)

VERTICAL

ZT 400

(1.60)

ZT 400

(1.60)

ZT 400

(1.60)

ZT 400

(1.60)

-- ,u

SCALE

Full

Model

Full

Model

Full

Model

Full

Model

Full

Model

Full

Model

Note: All dimensions in inches.
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PARAMETER

NF

SF

AF

PM

RM

YM

TABLE Ill

ORBITER BALANCE - MSFC 239

CAPACITY

200 lb.

100 lb.

50 lb.

2O0 lb.

50 in.-Ib.

100 in.-Ib.

ACCURACY

+ 1.0 lb.

+ 0.5 lb.

+ 0.25 lb.

+ 0.99 lb.

+ 0.25 lb.

+ 0.49 lb.

COEFFICIENT

TOLERANCE
J.

+ 0.0160

+ 0.0080

+ 0.0040

+ 0.0031

+ 0.0018

+ 0.0016

MAX. LOADS*

50 lb.

30 lb.

30 lb.

176 in.-Ib.

35 in.-l b.

45 in.-I b.

*Maximum estimated running loads, not starting loads. Accuracy is nominally

+ 0.5 percent. Coefficient tolerances are based on maximum QINF (at MINF = 1.2

TABLE IV

SRB BALANCE - MSFC 741

PARAMETER

NF

SF

AF

PM

RM

YM

CAPACITY

55 lb.

30 lb.

15 lb.

63 in.-Ib.

30 in.-Ib.

32 in.-Ib.

ACCURACY

+ 0.28 lb.

+ 0.15 lb.

+ 0.08 lb.

+ 0.32 in.-Ib.

+ 0.14 in.-Ib.!

"I

+ 0.16 in.-Ib.

COEFFICIENT
TOLERANCE
L I

+ 0.0047

÷ 0.0025

+ 0.0013

+ 0.0011

+ 0.0005
m

+ 0.0006

MAX. LOADS*

71b.

31b.

41b.

8 in.-Ib.

4 in.-Ib.

2 in.-Ib.

*Maximum estimated running loads, not starting loads. Accuracy is

nominally _ 5 percent. Coefficient tolerances are based on maximum QINF

(at MINF = 1.25).
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TABLE V

LBM BALANCE - MSFC 248

PARAMETER

NF

SF

AF

PM

RM

YM

CAPACITY

10 lb.

61b.

81b.

12 in.-Ib.

6 in.-Ib.

4 in.-Ib.

ACCURACY

+ 0.10 lb.

+ 0.06 lb.

+ 0.08 lb.

+ 0.12 in.-Ib.

+ 0.06 in.-Ib

COEFFICIENT

TOLERANCE

+ 0.0017

+ 0.0010

+ 0.0013

+ 0.0004

+ 0.0002

+ 0.04 in.-Ib. + 0.0001

MAX. LOADS*.

41b.

2 lb.

1lb.

12 in.-Ib.

1 in.-Ib.

5 in.-Ib.

*Maximum estimated running loads, not starting loads. Accuracy is nominally

+ 1.0 percent. Coefficient tolerances are based on maximum QINF (at MINF : 1.25.)

TABLE VI

ORBITER WING BALANCE

PARAMETER

NW

BW

TW

CAPACITY **

13 lb.

8.4 in.-Ib.

3.4 in,-Ib.

ACCURACY

+ 0.65 lb.

+ 0.42 in.-Ib.

COEFFICIENT

TOLERANCE

+ 0.0092

+ 0.18 in.-Ib.

+ 0.0016
m

+ 0.0013

MAX. LOADS*

10.47 Ib.

8.8 in.-Ib.

3.8 in.-Ib.

*Maximum estimated runninQ loads, not starting loads. Accuracy i_ nominally + 0.5
percent. Coefficient tolerances are Dasea on maxlmum QINF (a't MINF = 1.25].-

**BW and TW rated limits are for the wing balance center.
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TABLE Vll

ELEVON BALANCES

6e , deg

INBOARD

10

CAPACITY

('in.-'lb .)

O._

ACCURACY

(in.-Ib.)

+ O. 004

12

OUTBOARD

5

0.4

0.4

÷ 0.004

+ 0.004

COEFFICIENT

TOLERANCE

+ 0.0025

+ 0.0025

+ 0.0025

MAX

LOADS*

Cin:Ib.) I
0.020 b

r

0.060

! 4***

HL-ELECTRICA_

_. CENTER
<in .}

0.23

0.150

0.21

i 0 19
I

I

*Maximum estimated running loads, not starting loads. Accuracy is.nominally

1.O percent. Coefficient tolerances are based on maximum QINF (at MINF = 1.2

***These distapces, A, between the hinge lines and electrical centers are

measured positive forward of the hinge lines.

51



TABLE VIII

EXAMPLE LBM BASE PRESSURES

SHOWING TYGON

JUMPER INFLUENCE

MACH

0.6

0.8

0.9

0.95

1.05

1.10

1.15

1.25

1.46

1.96

2.74

3.48

4.96

_(_P87
lO0's O00's

-0.107 -0.115

-0.130 -0.141

-0.145 -0.174

-0.206 -0.214

-0.253 -0.259

-0.308 -0.306

-0.318 -0.321

-0.255 -0.251

-0,244 -0.235

-0.154 -0.152

-0.III -0.108

-0.071 -0.073

-0.033 -0.045

CPB11
lO0's O00's

-0.144 -0.161

-0.158 -0.186

-0.190 -0.211

-0.232 -0.246

-0.290 -0.286

-0.350 -0.338

-0.346 -0.342

-0.249 -0.271

-0.230 .-0.244

-0.16a -0.132

-0.081 -0.101

-0.060 -0.079

-0.032 -0.049

CPB9

lO0's O00's

-0.165 -0.165

-0.196 -0.196

-0.227 -0.241

-0.275 -0.281

-0.324 -0.322

-0.389 -0.383

-0.370 -0.369

-0.316 -0.318

-0.274 -0.265

-0.142 _0.183

-0.114 -0.114

-0.079 -0,077

-0.049 -0.049

CPB14
100's O00's

-0.107 -0.145

-0.127 -0.145

-0.175 -0.172

-0.216 -0.208

-0.228 -0.230

-0.296 -0.278

-0.283 -0.275

-0.241 -0,217

-0.217 -0.196

-0.178 -0.154

-0.107 -0.II0

-0.077 -0.078

-0.045 -0.047

Note: The stainless steel cavity pressure and remaining base pressure tubes

additionally were pulled back a distance less than 1.0 in.; hence_

there was slightly more reduction in the interference than just removal

of the four tygon jumpers.
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TABLE X

DATA REDUCTION CONSTANTS

Symbol

AO

ABF

AS

AT

LREF

LREFB

LREFE

LREFT

SREF

SREFE

XBORB

XBFORB

YBSRB or

YTLS

Full Scale

436.7 ft 2

142.6 ft 2

236,4 ft 2

604.8 ft 2

1290,3 in.

936.68 ,in.

90.7 in.

474.81in,

2690.0 ft 2

210.0 ft 2

-]263.0 in.

-1329.7 in,

250.5 in,

Model Scale

1.006 in.2

0.329 in2

O. 544 in2

1,393 in2

5. 161 in.

3.747 in.

0.3628 in.

1.8992 in.

6,198 in_

0.4838 in_

-5.052 in.

-5,319 in.

1.002 in,

Description

Orbiter projected

base area (Z-Y plane)

Body flap area

SRB base area

(single SRB)

ET base area w/o LBM

Reference length for
elements and total

vehicle

Reference length for

wing bending moment

Reference length for
elevons

Reference length for
wing torsion

Reference area

Reference area for

elevons

Distance from Orbiter

base normal force to

MRC

Distance from body

flap normal force to
MRC

Distance from CL SRB to

Ct ET
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TABLEX (Concluded)

_Sxmbo 

XTO

ZBOR

ZTO

XTLS

ZTLS

XTLM

ZTL14

Full Scale

-909.5 in.

-326.5 in.

-34]. 5 in.

-600.24 in.

0 in.

-1112.5 in.

Model Scale

-3.638 in.

-1.306 in.

-1.366 in.

-2.401 in.

0 in.

-4.450 in.

0 i.. 0 in.

Description

Distance from Orbiter

balance to MRC

Distance from centroid

Orbiter base to HRC

Distance from Orbiter

balance to MRC

Distance from SRB

balance to HRC

Distance from SRB

balance to MRC

Distance from LBM

balance to MRC

Distance

to ET __

from LBM

"r
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APPENDIX

It

II.

III.

TABULATED DATA

SOURCE DATA

INTERPOLATED DATA

CALCULATED FOREBODY DATA

1-297

298-594

595-696

ELEMENT

BASE PRESSURE

LBM

SSLV

ORBITER

SRB

DATASETS

R6CI01-I02

R6C201-202

R6C301-302

R6CI03-I04

R6CI05-I06

R6C203-206

R6C305-306

R6CI07

R6CI08-II0

R6CIII-I12

R6C207-212

R6C307-312

R6Cl13-Ii8

R6Cl19-124

R6C213-224

R6C313-324

R6C125-128

R6C225-228

R6C325-328

COEFFICIENT SCHEDULES

COEFFICIENTS

CPI,CP2,CP3,CP4,CP5,CP6

CP7,CP8,CP9,CPI0,CPII,CPI2,CPI3,CPI4,CPI5,CPI6

CPI7,CPIS,CPI9,CP20

CPBI,CPB2,CPB3,CPB4,CPB5,CPB6,CPBII,CPBI4,CPB7,CPB9

CPBI,CPB2,CPB3,CPB4,CPB5,CPB6,CPBI4

CALM,CNLM, CLMLM, CYLM,CYNLM,CBLLM,DLT-A,DLT-B,8/_

CNW,CBW,CTW,CHEI,CHEO

CPBI,CPB2,CPB3,CPB4,CPBS,CPB6,CPB7,CPB8,CPB9,CPBI0

CPBI,CPB2,CPB3,CPB4,CPBS,CPB6,CPBIO

CPBI,CPB2,CPB3,CPB4,CPBS,CPB6,CPB8

CA, CN,CLM,CY,CYN,CBL,DLT-RL,8/a

CNW,CBW,CTW,CHEI,CHEO,DLT-EI,DLT-EO,DLT-AW

CPBI,CPB2,CPB3,cPB-4,CPB5,CPB6,CPBI0 ......

CPB1,CPB2,CPB3,CPB4,CPB5,CPB6,CPB8

CA, CN_CLM,CY,CYN,CBL,DLT-RL,B/a

CNW,CBW,CTW,CHEI,CHEO,DLT-EI,DLT-EO,DLT-AW

CPBI,CPB2,CPB3,CPB4,CPB5,CPB6, CPBI0

CA, CN,CLM,CY,CYN,CBL,DLT-RL,B/a

CNW,CBW,CTW,CHEI,CHEO,DLT-EI,DLT-EO,DLT-AW
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